A general form of Drucker-Prager type plastic potential suitable for concrete and soil is proposed, allowing to distinguish qualitative difference between stress states with prevailing tension from those with dominant compression. The potential includes six material constants and one arbitrarily chosen function g describing deviatoric section of the potential surface. The influence of the parameters on the shape of the considered yield surface is discussed. The verification of convexity of the proposed potential is carried out in order to impose conditions on the parameters and the unknown function g. The calibration based on results of typical tests for concrete presented in the literature is proposed and the values of the coefficients are given out in relation to the yield limit in uniaxial compression test for common proportions of yield limits for other basic tests.
Introduction
The Drucker-Prager potential [1] is widely used for modelling plasticity in concrete and soil. It determines an appropriate first approximation of the materials' behaviour, allowing to distinguish the stress states with predominant compression from the stress states with prevailing tension. Its simplicity is an advantage if any rough analysis of construction is performed. On the other hand, it cannot fully describe complex behaviour of concrete when used in yield condition for two main reasons. The deviatoric section of the Drucker-Prager potential is circular, while for concrete it is approximately triangular for low values of hydrostatic pressure and approaches a circle for increasing compressive stress [2] . Also, according to experimental results [3, 4] , the slope of meridians changes with hydrostatic stress, while for the Drucker-Prager function the slope is fixed.
Functions used in yield conditions and flow rules are assumed to be convex functions of stress tensor [5, 6] . Also, in order to avoid computational problems, they are differentiable in all their domain (they are potentials). Both these attributes are convenient when solving a problem of plasticity and comply with results of tests performed on various materials.
In this paper, a general form of convex and smooth yield function is proposed, where two Drucker-Prager cones are used as an envelope. To properly describe the characteristic
where  and  are material parameters, which are calculated using results of two chosen experiments, typically uniaxial compression test and uniaxial tension test. The DruckerPrager cone Figure 1 . As mentioned above, the slope of the meridian (i.e. a cross-section of potential surface with const   ) should evolve with lowering  . In order to acquire this feature, a surface containing two Drucker-Prager cones is adopted as an envelope of a new potential surface:
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Definition of potential
The proposed smooth and convex potential is constructed as follows. Initially, an axisymmetric potential surface of second order is built based on (3). Then, function   g  is introduced to modify the deviatoric cross-section. As a result, one of the meridians of the potential surface (in this case, as calibrated below: the tension meridian 0   ) is a smooth approximation of the corresponding meridian of (3) and the deviatoric section is described by scaled   g  .
The proposed form of function is:
where:
and
positive function of the Lode angle. The further restriction on its form is due to convexity and it is derived in Section 3. The subsequent yield condition is defined as:
The meridians of surface (6) are shown in Fig. 2 . The envelope for a chosen meridian const   consists of two lines:
Parameters 1  and 2  control the slopes of meridians.
Fig. 2. Meridional sections of potential surface (6).
Constant A determines the shape of the apex of (6). In case of 0 A  the function is nondifferetiable for 0 r  , while its increase causes the increase of radius of curvature near the tip, see Figure 2 . Parameter B is responsible for the curvature near the transition zone between the envelope lines (the area around P r r  ). For 0 B  an edge appears in the yield surface, but with increasing B the transition zone smoothens, see Figure 2 .
In case of 0 
Differentiability and convexity
To show that the function is differentiable its gradient is obtained. The components of the gradient vector in the cylindrical coordinate frame   , , r   (see also Fig. 1 ) are as follows:
In this Section, arguments of all functions are omitted for clarity of the equations.
The first two components of (8) To ensure that function (4) is convex, the nonnegativeness of the following curvature tensor must be proved [10] :
A matrix is nonnegative if all its principal minors are nonnegative [11] . For the proposed function , 0 f   , , 0 r f   and , 0 f   , so for (4) to be convex the following inequalities have to be fulfilled:
Since functions P , Q and g are positive, therefore to satisfy (10) it is sufficient to fulfil 4 0 f  and 3 0 f  . The last function can be rewritten as:
which is clearly positive for 
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In the literature, there are several propositions of the shape functions modifying deviatoric section of yield surface [6, 7, 12, 13] . In this paper the following function proposed by Podgórski [7] is used:
It is positive and fullfills (12) for the considered range of  .
Determination of material constants
To determine the considered potential the choice of eight material parameters ( 1
To calibrate the yield surface results of characteristic tests for concrete are used. The coefficients are calculated considering that the yield surface passes through points representing uniaxial compression test (C), uniaxial tension test (T), equibiaxial compression test (BC) and biaxial compression test where 1 2 : 2    (BNC). Also, the asymptotes are adjusted to appropriately describe behaviour of concrete qualitatively. Firstly, the parameters determining envelope lines (7) are obtained. To enable for the yield surface to pass through selected points, the envelope of the tension meridian (3) is constructed as follows. The slopes  are calculated for lines connecting points representing tests T, C and BC on the meridional plane (neglecting the fact that uniaxial compression test does not lay on the tension meridian), see Figure 3 :
where C  is the plastic limit for uniaxial compression test, T  is the plastic limit for the uniaxial tension test and BC  is the plastic limit for the equibiaxial compression test.
Then, the lines r       , passing through C are translated by distance d forming the asymptotes for the tensile meridian r       , where:
The choice of 0 d  is arbitrary. It influences considerably the course of meridians for moderate values of  and it is selected to fit experimental data.
At this point the values of A and B are determined, assuming that the tension meridian is the reference meridian, i.e.   0 1 g  , and the yield surface includes points representing T and BC: 
The value of d was chosen to bring the yield surface near the point representing the triaxial compression test. The resulting yield surface and its sections are shown in Figure 4 . (6) and its deviatoric and meridional sections versus experimental results [3, 15] .
Potential surface (6) includes majority of the aforementioned general features of the yield surface of concrete with the most important quality: distinction of two zones (tensile and compressive). The meridians are in accordance with the experimental results [3] for small and moderate values of  , which is usually the range of interest observed in civil engineering structures. For very low hydrostatic stress (    ), the course of (6) differs from the empirical yield surface, which could be improved by changing envelope (7) 2 from a straight line to a parabola. Although this change would complicate the form of the potential considerably and it is possible that the gained profit would not justify the increased complexity of computation.
The shape of deviatoric section is close to triangular for all  . To adjust this inaccuracy, one may assume that coefficients b and k describing function g would depend on  . 01040 (2018) https://doi.org/10.1051/matecconf/201819601040
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The plane stress cross-section of the yield surface complies with experimental results [15] . For the tension-tension and tension-compression quadrants, the coincidence between prediction according to (6) and empirical values is very good. It is believed that for compressive behaviour the curve should be more oval, although the deviation implies conservative evaluation of stress state.
Summary
The considered function establishes the yield surface adequate for describing behaviour of concrete and some types of soil. It enables to distinguish two zones of noticeably different gradients, which is a characteristic feature for quasibrittle materials. Its other main advantages include its smoothness and relatively low complexity, allowing to find simple estimates for the parameters. Also, the conditions for the potential to be convex are sufficiently weak to be able to adjust the yield surface to a wide range of proportions of the yield limits. The plane stress cross-section in compressive quadrant can be further improved by chosing another form of shape function   g  .
In Part II [16] of the paper, the potential is used to modify Concrete Damaged Plasticity model [17] for quasibrittle materials. Specifically, the Lubliner yield condition is exchanged by the proposed one.
